In this study, we describe a new method for inducing choroidal neovascularization (CNV) in C57BL/6 mice, an animal model of wet age-related macular degeneration (AMD). AMD is a disease that causes central blindness in humans. We injected PEG-8 subretinally in different doses (0.125-2 mg) to induce CNV. After PEG-8 injection, we examined CNV at several time points (days 3-42). We also used Western blotting, immunohistochemistry, and ELISA to examine the complement component C3 split products, C9, VEGF, TGF-␤2, and basic FGF. As early as day 1 after treatment, we found that a single subretinal injection of 1 mg of PEG-8 increased the C3 split products and the C9, TGF-␤2, and basic FGF levels in the retinal pigment epithelium-choroid tissue. By day 3 after PEG-8 injection, the intraocular activation of the complement system caused induction and progression of CNV, including new vessels penetrating the Bruch's membrane. At day 5 after PEG-8 injection, we observed a fully developed CNV and retinal degeneration. Thus, in this study, we present a new, inexpensive, and accelerated mouse model of CNV that may be useful to study AMD.
Age-related macular degeneration (AMD) 2 is the leading cause of blindness in the world (1, 2) . Early human AMD may persist for many years without any significant vision loss (2, 3) . Both reduction of vision and blindness develop at advanced stages, especially in wet AMD with choroidal neovascularization (CNV) (2, 3) . CNV causes an accumulation of exudates, including blood in the subretinal space or underneath the retinal pigment epithelium (RPE); retinal detachment; massive photoreceptor loss; and dysfunction leading to blindness (2) . In the progression of AMD, the transition from the dry form to the development of primarily the wet form is extremely important. Understanding the mechanisms of CNV formation during its initial phases may be very beneficial in designing new AMD therapeutic strategies for treatment, especially during its early stages (1) (2) (3) . For this purpose, animal models are very useful to understand human AMD. Currently, there is not an ideal animal model to study human AMD. However, to induce CNV, investigators have used laser photocoagulation, subretinal injections of causative factors, surgical debridement of RPE cells or mechanical rupture of the Bruch's membrane, and transgenic or knock-out animals (4 -7) .
The role of the complement activation in human AMD and animal AMD models is well accepted in the literature (2, 6, 8 -11) . One of the central events of the complement activation leading to CNV formation is the deposition of the membrane attack complex (MAC) on the RPE and choroidal cells (8 -10, 12, 13) . MAC activates synthesis and secretion of VEGF, a major growth factor responsible for CNV growth (8, 12) . MAC may cause the death of cells (13, 14) , but sublytic concentrations of MAC may activate cell proliferation and migration, modulate cell functions, and induce inflammation (14, 15) . We and others support the hypothesis that activation of the complement system and deposition of MAC in the RPE-choroid may lead to CNV development by the increased release or synthesis of growth factors (3, 6, 8 -13) .
The aim of this study was to create a simple and effective CNV animal model based on the principles of intraocular complement activation. We used a subretinal injection of PEG-8 to induce CNV. PEG is known to activate the complement system (16, 17) . Activation of the complement system by an alternative pathway is critical in CNV induction and progression. Phospholipid/methoxy-PEG conjugate is an activator of both the classical and alternative pathways of the complement system (17) . A very small amount of PEG is widely used in cosmetic production and drug delivery (18 -20) . Small molecular weight PEGs are quickly absorbed and excreted. The majority of the administered PEG-8 is eliminated within the first 24 h, and PEG-8 is not metabolized in vivo (20) . To date, there have not been any studies of the role of PEG in activation of the eye complement system to induce neovascularization or angiogenesis. In this work, we described an angiogenic effect of subretinal PEG administration, investigated the initial events of CNV development, and explored the role of activation of the complement system by PEG in CNV formation.
EXPERIMENTAL PROCEDURES
Animals-Male C57BL/6 mice (7-9 weeks old) were purchased from The Jackson Laboratory (Bar Harbor, ME). This study was approved by the Institutional Animal Care and Use Committee of the University of Arkansas for Medical Sciences.
Subretinal Injection of PEG-8-Subretinal injections were administered as described in the literature (10, 21) . The mouse eye was decompressed with a 27-gauge needle by inserting the needle through the conjunctiva and sclera 1 mm behind the limbus. A UMP3 microinjection pump equipped with a Nanofil syringe (100 l) and a 33-gauge blunt needle (Word Precision Instruments, Sarasota, FL) was used for injections. Needle movement was stopped when light resistance was felt by the operator. An injection of 2 l of solutions was then administered in 10 s. To investigate the dose-dependent effect of PEG-8 (PEG with a mean M r of 400; Spectrum Chemicals & Laboratory Products, Gardena, CA), we divided the animals into seven groups. Group 1 (control; n ϭ three mice) was not treated. Group 2 (n ϭ three mice) received a single subretinal injection of the vehicle (2 l of sterile PBS, Sigma). Groups 3-7 (experimental) were injected with different doses of PEG-8: 2.0, 1.0, 0.5, 0.25, and 0.125 mg. PEG-8 was dissolved in the vehicle before injection, and the volume of all injections used in this study was 2 l. We applied only a single injection in each experiment. The subretinal injections resulted in some retinal detachment. To determine the optimal dose of PEG-8, we performed a histological examination and a CNV size evaluation at days 5 and 14 after subretinal injection. After the optimal dose was determined, the animals were subretinally injected with 1.0 mg of PEG-8, and three mice from each group were killed at days 1, 3, 4, 5, 7, 14, 21, 28, and 42 post-injection. An evaluation of the CNV size was performed as described below. These experiments were repeated three times. CNV Size Evaluation-The CNV size was measured as described previously (8 -10, 22) . The animals from the experimental groups were killed and perfused with 0.75 ml of PBS containing 50 mg/ml FITC-dextran (average M r of 2,000,000; Sigma). For three-dimensional reconstruction of CNV sites, we captured the Z-stack images of flat mounts (1-m thick optical slice). We applied a projection tool to build an X-view of these Z-stacks. In addition, we identified the subretinal tissue containing CNV between two layers of cytokeratin 18-positive (RPE) cells.
Histological Investigation and Immunohistochemical StudiesHistological studies of mouse eyes were performed according to Lyzogubov et al. (10) . Subretinal injections of PEG-8 and PBS were administered to the mice. The animals were killed at days 1, 3, and 5 post-injection (n ϭ five mice, each time point). One set of eyes (n ϭ six eyes from each group) were harvested and fixed with neutral buffered formalin (Sigma). Two eyes from each group were embedded in a composite paraffin block. Serial 5-m sections were cut. The sections were stained with hematoxylin and eosin and also were used for immunohistochemical staining. Another set of eyes (n ϭ four eyes from each group) were fixed with 2.5% glutaraldehyde prepared on 0.05 M cacodylate buffer, post-fixed with 1% osmium tetroxide, and embedded in Epon 812 resin. All reagents were purchased from Polysciences, Inc. (Warrington, PA). Semithin sections (1 m) were cut and stained with epoxy tissue stain (Electron Microscopy Sciences, Hatfield, PA). We also used goat anti-C3 polyclonal antibody (Calbiochem), rabbit anti-C9 neoepitope polyclonal antibody (provided by Prof. B. P. Morgan, University of Wales College of Medicine, Cardiff, UK), and goat anti-VEGF polyclonal antibody (R&D Systems, Minneapolis, MN). Anti-C9 antibody recognizes neoepitopes on activated C9 and on C9 in a MAC complex (8 -10) . To identify the RPE cells, we used mouse anti-cytokeratin 18 monoclonal IgG 1 (Affinity BioReagents, Golden, CO) and Alexa Fluor 594-conjugated phallotoxin (Invitrogen). To identify endothelial cells, we also used rabbit anti-von Willebrand factor polyclonal antibody (Affinity BioReagents) and Alexa Fluor 594-conjugated isolectin IB4 (Invitrogen). The secondary antibodies used were Alexa Fluor 594-conjugated goat anti-mouse IgG (HϩL) and Alexa Fluor 488-conjugated donkey anti-rabbit IgG (HϩL) (both from Molecular Probes, Eugene, OR) and FITC-conjugated rabbit anti-goat antibody (Zymed Laboratories Inc., South San Francisco, CA). To investigate co-localization of C9 and C3 in the RPE and choroid, we used several paraffin sections. Singlestained sections for C3 (green fluorescence) or C9 (red fluorescence) were used as a control for double-stained (C3 and C9) sections. We performed control staining with isotype-matched control antibodies at concentrations identical to those of the primary antibodies and staining by omission of the primary or secondary antibodies. To block autofluorescence, samples were treated with 1% Sudan Black B (Fisher) as described previously (10) .
Microscopy and Image Analysis-We used a Zeiss LSM 510 laser scanning confocal microscope to visualize immunohistochemical staining. To investigate the possible leakage of red and green fluorescence, we captured images of the controls (singlestained sections) using both red and green channels.
For semiquantitative evaluation of C9 deposition in the area of CNV, RPE and choroid sections from each eye were stained for C9, and three images were captured using a Zeiss LSM 510 laser scanning confocal microscope. The integrated intensity of red fluorescence (C9-positive) was measured using NIH ImageJ. We examined slides of the hematoxylin/eosin-stained paraffin sections under an Olympus microscope.
Western Blot Analysis-The complement component C3 split products and C9 in the RPE-choroid were studied as described previously (10) . After subretinal injections of PEG-8 and PBS, the animals were killed at days 1, 3, and 5 post-injection (n ϭ five mice, each time point). We extracted the total protein from the pooled RPE-choroid tissue. The following antibodies were used: goat anti-C3 polyclonal antibody, rabbit anti-C9 neoepitope polyclonal antibody, and mouse anti-␤-actin monoclonal antibody (Sigma). The control blots were reacted with equivalent concentrations of isotype-matched purified IgG. We performed Western blot analysis using an Amersham ECL Plus enhanced chemiluminescence Western blotting detection system according to the manufacturer's recommendations. This experiment was repeated three times with similar results.
Complement Hemolytic Assays-We subretinally injected PEG-8 (n ϭ 15 mice) and PBS (n ϭ 15 mice) as described above. The animals were killed at days 1, 3, and 5 post-injection. A CH50 assay was performed using methods described in the literature (9, 10, 22, 23) . The results are expressed as the reciprocal of this dilution in CH50 units/ml of serum. The alternative pathway activity was calculated as follows: % C3 deposition ϭ (mean % particle fluorescence of sample reaction) Ϫ (mean % particle fluorescence of background).
Inhibition of the Systemic Complement System by Cobra Venom Factor-Four groups of animals were used (n ϭ five mice/group). Groups 1 and 2 were treated intraperitoneally with 4 units of cobra venom factor (CVF; Quidel, San Diego, CA) as described in our previous study (8) for 2 days before and every day after subretinal injections. Groups 3 and 4 were injected intraperitoneally with PBS. Subretinal injections of 1.0 mg of PEG-8 (Groups 1 and 3) or vehicle (Groups 2 and 4) were administered as described above. The animals were killed at day 5 after subretinal injection. Animal serum was collected, and the total complement activity in the serum was measured using the CH50 assay as described above. An evaluation of the CNV size was performed as described above. The RPE-choroid tissues were stained for C9 (neoepitope) using an immunohistochemistry method, and the intensity of the positive signal was analyzed as described above.
ELISA-The animals (n ϭ 15 mice/group) treated with PBS or PEG-8 were killed at days 1, 3, and 5 after subretinal injection. The proteins from the RPE-choroid were prepared as described previously (24, 25) with modifications. The posterior parts of eyes were dissected from enucleated eyes and placed in lysis buffer without detergents. The retina was removed from the RPE-choroid, and the tissue was washed by rotating in icecold lysis buffer for 30 s. The tissue was spun down, and the supernatant was collected. This supernatant contained soluble proteins of the extracellular matrix and liquids including exudates of the subretinal space. Lysis buffer with detergents was added to the sediment, and the tissue was homogenized and then treated with a high intensity ultrasonic processor (Sonics & Materials, Inc., Danbury, CT). The tissue was spun down, and the supernatant was collected. This supernatant contained intracellular and membrane-bound proteins. Samples of both extracellular and intracellular fractions of proteins were assayed (in triplicate) for VEGF proteins using mouse VEGF ELISA kits, for TGF-␤2 proteins using human TGF-␤2 immunoassay, and for basic FGF (bFGF) proteins using human bFGF immunoassay. (All kits were purchased from R&D Systems.) The antibodies against human TGF-␤2 and bFGF have very high cross-reactivity with mouse TGF-␤2 and bFGF (8) . These experiments were repeated three times with similar results.
Statistical Analysis-All of the averaged results are presented as the mean Ϯ S.E. Data were analyzed and compared using the Mann-Whitney test or analysis of variance, and differences were considered statistically significant at p Ͻ 0.05. (Fig. 1, C-G) . However, CNV was rare and very small (single vessels) in the 0.125 mg-injected group; CNV was larger in the 0.25 mg-injected group compared with the 0.125 mg-injected group. Also, CNV was larger in the 0.5 mg-injected group compared with the 0.25 mg-injected group. The higher doses of 1.0 mg (Fig. 1, F and H ) and 2.0 mg (Fig. 1, G and H) induced larger and more developed CNV. Thus, we observed a dose-dependent increase in CNV in these animals. We did not observe any CNV in the naive animals (Fig.  1A ) or in the animals injected with the same volume of sterile PBS (Fig. 1B) . A dose of 1.0 mg of PEG-8 was selected for the rest of the experiments because it was the minimal dose that resulted in the largest size of CNV.
RESULTS

Dose-dependent Effect of PEG-8-We found CNV of different sizes in all PEG-injected groups
Time Course of CNV after PEG Injection-C57BL/6 mice were subretinally injected with 1.0 mg of PEG-8 or PBS and killed at days 3, 5, 4, 7, 14, 21, 28, and 42 post-injection. CNV was detected at day 3 after PEG treatment (Fig. 1I) . CNV reached its largest size at day 5 and was present at least until day 42 after injection. The CNV size was almost the same at days 7 and 14 but started decreasing from days 21 to 42. We did not detect any CNV in the PBS-injected animals (Fig. 1I) .
Localization of PEG-8-induced CNV-In PBS-treated animals, FITC-dextran-perfused vessels were present under cytokeratin 18-positive RPE cells within the choroid (Fig. 2A) . CNV in the PEG-8-injected animals was localized between two layers of cytokeratin 18-positive RPE cells (Fig. 2B) . Investigation of the semithin Epon-embedded sections (1 m) showed that the RPE formed a single cell layer and that the choroidal vessels were located exclusively within the choroid (Fig. 2, C  and E) . In PEG-8-injected mice at day 1 after injection, we found an increased size of the RPE cells and the vacuolization of the RPE cell cytoplasm (Fig. 2F ) compared with the controls. At day 5 after PEG-8 injection, we found CNV located between two layers of the RPE cells in the subretinal space (Fig. 2, D and  G) . None of the vessels that originated from the retina were found in this area (Fig. 2D) . We investigated the immunohistochemical staining by the endothelial cell marker isolectin IB4 in 5-m paraffin sections of PBS-and PEG-8-injected mice at days 1, 3, and 5 after treatment. The RPE cells in the PBStreated group formed a single layer of cells, and endothelial cells were found within the choroid (Fig. 2H) . Beginning with day 1 after PEG-8 treatment, we found isolectin IB4-positive endothelial cells between the cells (Fig. 2I) . These cells penetrated the Bruch's membrane, invaded the space between the RPE cells, and had contact with existing choroidal capillaries. At day 3 after injection, new vessels were formed from these cells in the subretinal space, and a second layer of RPE cells was also formed (Fig. 2J) . The newly developed vessels, located in the subretinal space, formed a CNV complex at day 5 after PEG-8 injection (Fig. 2K) .
Retinal Changes after PEG-8 Injection-At day 5 after PEG-8 or PBS injection, we performed a histological investigation of the paraffin sections of the mouse eyes. We observed a reduced thickness of the outer nuclear layer and photoreceptor outer and inner segments in PEG-8-treated animals compared with PBS-injected controls (Fig. 3) .
PEG-8-induced CNV by Complement System Activation-
The total complement activity in the sera of the CVF-treated mice (Fig. 4A ) was significantly reduced compared that in the PBS-injected animals. We found areas of high C9 deposition in the PBS-treated (complement-sufficient) animals (Fig. 4B) but not in the CVF-treated (complement-depleted) group (Fig. 4C) . C9-positive fluorescence in PBS-treated animals was significantly higher compared with that in CVF-injected mice (Fig.  4H) . Analysis of the CNV size showed that treatment with CVF significantly (5-fold) reduced the volume of FITC-dextran-perfused vessels (Fig. 4, E and I ) compared with PBS-injected animals (Fig. 4, D and I) . We did not observe any staining in the negative controls (Fig. 4, F and G) .
Activation of the Complement System by PEG-8 in the RPE-Choroid-PEG-8 did not affect the total and alternative complement activities in mouse serum at all time points investigated (Fig. 5, A and B) . However, we found an increase in the levels of the C3 split products (43 and 23 kDa) in the PEG-8-injected animals compared with the PBS-injected mice at day 1 post-injection (Fig. 5 , C-E) in the RPE-choroid tissue. Interestingly, in the RPE-choroid tissue at days 3 and 5, the levels of the 43-kDa C3 split product were higher in the PEG-8-treated animals compared with the PBS-injected mice (Fig. 5, C and D) , but the levels of the 23-kDa C3 split product were reduced in the PEG-8-treated animals compared with the PBS-injected mice (Fig. 5, C and E) . Western blot analysis showed that the C9 levels were ϳ3-fold higher in the RPE-choroid tissue from the PEG-8-treated mice compared with the PBS-treated animals at all time points investigated (Fig. 5, C and F) .
Relationship between Complement Activation, Growth Factor Expression, and CNV Growth-We performed a co-localization experiment to study the relationship between C3/C9 deposition, VEGF expression, and CNV growth initiation after PEG-8 injection. Staining of the eye sections from control animals showed a co-localization of C9 and C3 in the RPE and choroid (Fig. 6, A, B, and D) . At day 1 after PEG-8 injection, C9 was found mostly in the sites of increased C3 deposition (Fig. 6, H, I , and K). C9 was detected not only on the surface but also in the cytoplasm of the RPE cells (Fig. 6, O and Q) . We discovered that the initiation of CNV growth occurred in the sites of very high C9 deposition (Fig. 6, O-Q) .
In the control animals, VEGF was found in the center of the RPE cells and outlining the apical and basal cellular membranes (Fig. 7, A-C) . After PEG-8 treatment, we detected an increase in the VEGF-positive staining of the apical side of the RPE and within the choroid (Fig. 7, D-F) . Choroidal capillaries and the growing endothelial cells were co-localized with VEGF (Fig. 7,  D-F) . We investigated the growth factors VEGF, TGF-␤2, and bFGF using ELISA in extracellular (water-soluble) and intracellular (after adding detergent) fractions of proteins obtained from the RPE and choroid of the eyes treated with PBS or PEG-8. We detected high intracellular VEGF levels at day 3 and secreted VEGF at day 5 after PEG-8 injection (Fig. 7, G and H) compared with the control group. Investigation of TGF-␤2 showed a significant increase in the TGF-␤2 protein in both intracellular and extracellular fractions at day 1 after PEG-8 injection compared with the PBS-treated animals (Fig. 7, I and  J) . Later, at days 3 and 5, we found an increased amount of TGF-␤2 in the extracellular fractions of the PEG-8-treated mice compared with the PBS-treated animals (Fig. 7, I and J) . ELISA analysis of bFGF in the RPE-choroid tissue revealed an increased expression of this protein at days 1, 3, and 5 postinjection (intracellular fraction) and an increased secretion of bFGF at days 3 and 5 post-injection (extracellular fraction) (Fig.  7, K and L) .
DISCUSSION
The hallmark of wet AMD is the presence of CNV. The macular region of the retina plays a key role in the central vision of humans. The high dependence of the macula on the choroidal blood supply is the "Achilles' heel" of the human eye. With age and certain risk factors, this unique way of supplying the nutrients to the macula becomes impaired. Uncontrolled choroidal vessel growth can cause severe and usually irreversible changes in the photoreceptor-RPE-choroid interactions (1, 3) . Untreated neovascular or wet AMD can cause central blindness in humans and affect their quality of life. Understanding the mechanisms of CNV formation will assist in the development of better treatment strategies for human AMD.
In this study, we have described an economical, simple, and quick experimental CNV mouse model by using a single subretinal injection of PEG-8. The injected PEG-8 spreads between the neuronal retina and the RPE cells and creates a subretinal bleb visible through a dilated pupil under a microscope. The pathological changes observed in this new accelerated mouse model greatly mimic human wet AMD. We detected the early events of CNV formation in existing choroidal capillaries at day 1 after PEG-8 treatment. These initial phases include RPE cell enlargement and vacuolization, formation of sprouts from preexisting choroidal capillaries, and penetration into the Bruch's membrane in several sites as seen in human wet AMD (1). The formation of new vessels was noted at day 3 after treatment in the subretinal space. By day 5, the CNV complex reached its maximal size and started decreasing from day 21. The early stages of human CNV formation have been poorly investigated by researchers (1) . Subclinical CNV, not evidenced by fundus investigation, is a growth of the endothelial cells in combination with the fibrovascular tissue into the sub-RPE or subretinal space through breaks in the Bruch's membrane and is characterized by extensive endothelial cell proliferation and migration (1, 26). Drusen, RPE degeneration, and hyperpigmentation are the first clinical signs of early AMD (3).
In humans, detection of the early stages of CNV growth is very difficult. The use of animal models is necessary for investigation of the early events leading to CNV initiation and progression. To induce CNV, subretinal injections of different agents have been used. These agents include lipid hydroperoxide in rats, autologous vitreous in rabbits, bFGF-containing microspheres in rabbits, and VEGF-impregnated microspheres in monkeys (4 -7, 27) . The laser photocoagulation method is commonly used to develop CNV in different species (4 -6, 8 -10) . To achieve CNV induction in the laser-induced animal model, it is necessary for the RPE cells, Bruch's membrane, and choroid to be damaged by a laser. A subretinal injection of PEG-8 produced less damage to the RPE and choroid compared with the laser-induced CNV model. Although a subretinal model of CNV has been described previously in rats by a subretinal injection of Matrigel (28, 29) , the PEG-induced model has not been described before.
PEG-8 is well tolerated and known to activate the complement system, especially an alternative pathway (16) . We found a dose-dependent effect of PEG-8 on the CNV size. We suggest that increasing the PEG-8 concentration may lead to higher hydration of complement component C3 and activation of the complement system by an alternative pathway. We found that a subretinal injection of PEG-8 induced activation of the complement system at the injection site but not in the blood system. Inhibition of the complement system by CVF significantly reduced C9 deposition in and around the injection sites and also inhibited the CNV size. This supports the idea that activation of the complement system is a necessary event in the induction of CNV (2, 8 -11) . At day 1 after PEG-8 treatment, we detected complement component C3 deposition and increased levels of the C3 split products in the RPE-choroid tissue. The C3 split products with molecular masses of ϳ23 and 43 kDa may belong to the ␣-chain of iC3b or C3c. The presence of C3 split products such as iC3b and C3c is an indicator of an inflammatory state (30) . A significant increase in the C3 split products at day 1 after PEG-8 injection confirms activation of the complement system. The reduction of the 23-kDa split product in the PEG-8-treated animals at days 3 and 5 post-injection may reflect an increased destruction of this fragment. At the same time, at day 1 post-injection of PEG-8, we detected an increase in C9 deposition in the eye but not in the systemic circulation. Complement component C3 deposition on the RPE-choroid was co-localized with C9 deposition, followed by morphological changes in the RPE cells and CNV development. We noticed that the increased levels of C9 and the 43-kDa C3 split product in the RPE and choroid were present for a longer duration (day 5). We found that the RPE cells increased in size and became round-shaped in the areas of high C9 deposition. C9 deposition on RPE cells affects cell-cell interactions (13) . Also, C9 deposition leads to vesiculation of RPE cells, a rounded shape, loss of normal hexagonal morphology, and loss of defined cell borders (13) . We demonstrated in this study that C9 induces the stimulation of RPE and endothelial cells. However, Halperin et al. (15) have shown that sublytic concentrations of MAC can stimulate cell proliferation. Complement system activation and MAC deposition may induce production and release of growth factors (8, 12) . VEGF, TGF-␤2, and bFGF are known as important growth factors for neovascularization in humans and experimental animals (1, 3, 8, 9) . Under normal conditions, RPE cells secrete VEGF to their basal and apical sides to maintain the homeostasis of the photoreceptor-RPE-Bruch's membranechoroid microenvironment (31) (32) (33) (34) . In this study, we found that VEGF was mostly in the RPE cells of the control animals. However, a very small amount of VEGF was found in the choroid. This is a typical localization of VEGF in the RPE and choroid as described in humans and experimental animals (1, 3) . In AMD, the RPE expresses high levels of VEGF and promotes CNV (3). We detected increased expression and secretion of VEGF after PEG-8 treatment. We also detected growth of endothelial cells penetrating the Bruch's membrane and entering the subretinal space. We observed an increased synthesis and a secretion of TGF-␤2 and bFGF after a subretinal injection of PEG-8. Interestingly, this increased secretion of TGF-␤2 (day 1) and bFGF (day 3) preceded an increased secretion of VEGF (day 5) after treatment with PEG-8. C9 deposition stimulated growth factor expression and secretion, followed by RPE and endothelial cell transformation, proliferation, and migration.
In this study, we discovered that an acute and high local complement activation by a PEG-8 injection in the posterior pole of the mouse eye leads to CNV initiation. It is known that mutations in factor H, factor B, and C2 of the complement system not only increase the risk of CNV (wet AMD) but also can increase drusen formation and geographic atrophy (dry AMD) (35) (36) (37) . Rohrer and co-workers (38) have shown that chronic sublytic activation of the complement system is associated with oxidative RPE damage and increased RPE VEGF production.
The advantages of this experimental model of CNV formation are as follows. 1) Mice are economical and easy to handle; 2) the procedure to induce CNV does not require expensive equipment or reagents; 3) the complement activation by PEG-8 occurs for only a limited time, and CNV formation begins very soon (3 days) after treatment; 4) the primary damage of the RPE-choroid after subretinal injection is much smaller com- . VEGF ELISA showed significantly increased levels of VEGF in the intracellular fraction of the RPE-choroid at day 3 after PEG treatment (G) and significantly increased levels of VEGF in the extracellular fraction of RPE-choroid at day 5 (H). TGF-␤2 ELISA demonstrated significantly increased levels of TGF-␤2 in the intracellular fraction at day 1 after PEG treatment (I) and significantly increased levels of TGF-␤2 in the extracellular fraction of the RPE-choroid at days 1, 3, and 5 (J). bFGF (FGFb) ELISA showed significantly increased levels of bFGF in the intracellular fraction of the RPE-choroid at day 1, 3, and 5 after PEG treatment (K) and significantly increased levels of bFGF in the extracellular fraction of the RPE-choroid at days 3 and 5 (L). DIC, differential interference contrast. *, p Ͻ 0.05 compared with the PBS-treated group. Scale bar ϭ 10 m. pared with laser treatment or surgical procedures; 5) the pathological changes after PEG-8 injection are limited only to the posterior pole of the mouse eye; and 6) the local (intraocular) stimulation of VEGF expression and secretion by PEG-8 mimics the changes seen in human AMD. It has been noted that regardless of its etiological factors, morphology, and cellular composition, the resulting CNV is remarkably similar to human AMD (7) . Despite the differences in the time course of CNV observed in humans and the proposed model, the absence of the macula in mice, and the role of multiple risk factors in the pathogenesis of AMD, this CNV model may be very useful to study CNV formation and to test various inhibitors that prevent neovascular AMD. The angiogenic role of PEG has been described previously in myocardial ischemia (39) , but the role of PEG in CNV has not been described before this study. Thus, our study opens up a new area of PEG application not only in generating a new AMD model but also in wound healing, where angiogenesis is needed for quick healing.
